In recent years, single-port laparoscopic colectomy (SPLC) has been introduced as a new technique for colorectal surgery. Despite several studies, available results are too sparse to accurately identify differences between SPLC and conventional multiport laparoscopic colectomy (MPLC). In a continuing effort, the aim of this study was to compare these two techniques in colon cancer patients. Methods: 76 patients with colon cancer who underwent either SPLC or MPLC took part in this study. Demographic data and complications such as age, gender, operative time, hospital stay, intra-operative blood volume loss, and internal organ injury were assessed. The patients were followed up for 6 months. Statistical analysis was performed by SPSS software using Student's t-test, Chi-square test, or Fisher's exact test. Results: The complications were similar in both SPLC and MPLC groups. Operative time was significantly lower in SPLC (P = 0.003). No significant differences were observed in other factors (P > 0.05). Conclusions: According to studies conducted so far, it seems that the difference in the surgeon's experience, types of the colorectal diseases, and types of the colorectal resection may affect the outcomes like operative time and hospital stay. Therefore, further coherent investigations with larger datasets are essential for a detailed comparison.
Background
During the past few decades, minimally invasive laparoscopic surgery was known as a revolutionary technique for surgical management of patients. In comparison with open surgery, laparoscopic surgery provides better postoperative recovery with lower pain and complications, shorter hospital stay, and faster return to working life (1) (2) (3) .
Despite these improved outcomes, conventional multi-port laparoscopic surgery (MPLS) still requires multiple incisions for completion of the procedure. Potential morbidity risks like internal organ injury, bleeding, and hernia for each incision prompted surgeons to reduce the invasiveness of laparoscopic surgery. In order to minimize the total incisions even further, single-port laparoscopic surgery (SPLS) has emerged as a new surgical approach. SPLS, also known as a single incision laparoscopic surgery (SILS), is a developed surgical technique, which unlike the conventional procedure requires only one umbilical entry point (4, 5) . Owing to its feasibility and capabilities, SPLS is currently adapted to various surgeries like colectomy (6) , cholecystectomy (7) , splenectomy (8) , nephrectomy (9) , appendectomy (10) , sleeve gastrectomy (11, 12) , and many others (13) . The first experience of single-port laparoscopic colectomy (SPLC) was in 2008, when two separate groups, Remzi et al. and Bucher et al., reported its application for right colectomy (14, 15) . Evaluation and comparison of SPLC and multi-port laparoscopic colectomy (MPLC) in terms of early results and complications have been accomplished in different studies until now. However, according to a meta-analysis study performed in 2016, reported outcomes are too sparse to analyze precisely (4). Therefore, extensive investigations are required for more accurate comparisons. In this regard, the present study was conducted with the aim of comparing the outcomes of these two surgical techniques in colon cancer patients.
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Methods

Study Design and Data Collection
This is a retrospective analysis of prospectively collected data form colon cancer patients who had undergone multi-port (n = 39) and single-port (n = 37) laparoscopic right hemicolectomy by a consultant surgeon between March 2012 and February 2016. All patients had read and signed informed consents. Then, surgery operations were performed in Shahid Faghihi hospital (14 SPLC and 15 MPLC cases) and Mother and Childs hospital (23 SPLC and 24 MPLC cases) in Shiraz, Iran. Patient matching was performed with respect to age, gender, and body mass index (BMI). Patients with a history of abdominal surgery were excluded from the study. Cases of obstruction or perforation that required emergency surgery were also excluded. Data of all patients were entered prospectively into an electronic databank and applied for comparative analysis. Demographic characteristics, initial oncologic features, and complications were compared, including age, gender, BMI, tumor stage, pathologic TNM stage, circumferential margin involvement, the total number of harvested lymph nodes and their involvement, operative time, intra-operative blood volume loss, internal organ injury, and the length of hospital stay. All patients were followed up for 6 months after the surgery.
Surgical Technique
The right hemicolectomy procedures for both MPLC and SPLC were performed under general anesthesia with orotracheal intubation and in a medial-to-lateral approach. For the SPLC method, patients were initially placed in the supine position. A vertical incision of 3.5 cm long was made through the umbilical skin, followed by dissection of the layers of the abdominal wall into the peritoneal cavity until penetration. A single-site access device (Unimax, China) was put into the place to enable speedy device setup and removal. Considering the abdominal wall thickness, the adjustable retracting sleeve was tracked and fixed. The four integrated self-retained ports cap over the adjustable retracting sleeve were applied by screwing maneuver. Then, the abdomen was insufflated with CO 2 up to 12 mmHg. A 10 mm camera was introduced through the 10 mm limb of the cap, which was adjusted to be in the inferior part. A 5 -10 mm ligasure sealing device and atraumatic 5 mm forceps were introduced for the right and left surgeon's hands, respectively, and an inverted triangle position was determined to access the ascending colon. The great omentum and transverse colon were retracted above the stomach, and the small intestine was retracted toward the left with respect to the duodenum and right ureter. Retroperitoneal dissection was started from medial to lateral and deep into the right colon above the Gerota fascia by detaching retroperitoneal adhesions of the duodenum. Then, the colon was mobilized along the Toldt fascia up to the point of the hepatic flexure. After the division of the omentum attached to the colon into proximal and distal, the mobilization of the hepatic flexure was performed toward the middle colic vessels with ligation and division of the right branch of the middle colic vessels, obtaining its manipulation by internal traction. A 60 mm white EndoGIA stapler was applied to cut the terminal ileum intracorporeally, followed by holding the two cutting ends with two self-retaining graspers. Then, the upper segment of the trocar was removed with the four holes and the terminal ileum and right colon were externalized to perform side-to-side ileo-transverse colic anastomosis extracorporeally with linear staplers. The abdominal cavity was drained and abdominal wall closure was performed after the prior intra-abdominal introduction of the anastomosis, intestinal loops rearranging, and trocar removal (16) . In the standard MPLC, three port sites were used at the umbilicus, midline suprapubic, and midepigastric positions. Other steps including dissection, anastomosis, and resection were conducted in a manner similar to the SPLS explained above.
Statistical Analysis
Demographic characteristics, intra, and postoperative data were included and analyzed using statistical software (SPSS version 18.0; SPSS Inc, Chicago, IL). Categorical variables are summarized using frequency and percentage, and continuous variables are presented as the mean ± standard deviation. Two groups (SPLC vs. MPLC) were compared by independent Student's t test for continuous variables and the chi-square test or Fisher's exact test for categorical variables. A two-tailed P-value of less than 0.05 was considered significant.
Results
Patient Characteristics
76 colon cancer patients including 40 men and 36 women were enrolled in this study. They were matched based on age, gender, and body mass index (BMI). Exclusion criteria were a history of abdominal surgery and obstruction or perforation that required emergency surgery. Patient characteristics are reported in Table 1 . There were no statistical differences in all matching parameters between the two groups (P-value > 0.05). 
Operative Outcomes
Intra and postoperative outcomes are summarized in Table 2 . Briefly, the operative time was determined and categorized as 60 to 180 min and more than 180 min. It was significantly shorter for the SPLC group compared to the MPLC group (P = 0.003). The median postoperative hospital stay was 4 days for both the SPLC and MPLC groups (P = 0.399). The intra-operative blood volume loss was estimated and categorized as less than 100 ml, 100 to 300 ml, and more than 300 ml. For most of the patients in the two groups including 34 cases of SPLC (91.9%) and 35 cases of MPLC groups (89.8%), blood loss was estimated less than 100 ml and 100 to 300 ml. Higher blood loss was observed in only a few cases (3 cases of SPLC and 4 cases of MPLC) (P = 0.489). Internal organ injury was found in two patients who had undergone SPLC (Ureteral injury in one case and small bowel injury in another case). Wound infection was detected in one case of MPLC (Data not shown).
Six-month follow-up information indicated no difference between the two groups based on patient's conditions. Most of the patients were alive without disease and a few cases were alive with disease or dead of disease (P = 0.199) ( Table 3 ).
Pathological Outcomes
Evaluation of pathological features indicated the similarity between the two groups with no statistically significant difference in terms of tumor stage, tumor depth, lymph node and distal metastasis, and harvested and involved lymph nodes (P > 0.05). The assessment of circumferential margin also indicated that proximal and distal resected margins were not involved in all SPLC and MPLC cases. The radial margin was involved in only one case of MPLC (Data not shown).
Discussion
In the present study, we retrospectively evaluated the outcomes of 76 colon cancer patients who underwent SPLC and MPLC. There was no statistical difference between groups based on demographic characteristics, pathological features, and intra and postoperative outcomes. However, the operative time was significantly shorter in the SPLC group (P = 0.003).
In recent years, the concerted efforts have been done on reducing the invasiveness of traditional laparoscopic surgery, which resulted in the invention of SPLS (6) . Various research has been undertaken to assess early results and complications of SPLC compared to MPLC. These studies have proven the feasibility and safety of the SPLC for benign and malignant colorectal diseases even in emergencies (1, 6, (17) (18) (19) (20) (21) . It has been shown that distinct benefits of SPLC over MPLC consist of using only one umbilical entry point with multiple incorporated working channels, reducing pain and complications like bleeding, hernia, tissue trauma, and improving the cosmesis (22) (23) (24) (25) (26) .
In a case-control study, Gaujoux et al. described that single-port access (SPA) colorectal procedure can be performed safely and effectively in patients with various colorectal diseases. They indicated a significantly shorter operative time and hospital stay for SPA procedure compared to standard multi-port laparoscopic colorectal resection. They also reported the adequate number of lymph nodes and surgical margin in both groups. In their study, various types of colorectal diseases (benign colorectal tumor, adenoma, polyp, inflammatory bowel disease, Crohn's disease, and adenocarcinoma) and different types of colorectal resection (right colectomy, sigmoidectomy, ileocaecal resection, proctectomy, subtotal colectomy, and ileocolonic resection) were included (27) . Contrarily, in two retrospective studies, Champagne et al. and Kim et al. indicated that the operative time was significantly longer for (17) . A randomized controlled trial was performed by Poon and colleagues, in which patients with small tumors or adenomatous polyp who were subjected to the right or left hemicolectomy and sigmoidectomy were included. They showed that SPLC could be applied as an appropriate alternative to MPLC for patients with small tumors and good surgery risk. No statistically significant difference was observed between the two groups regarding patient's demographics, tumor characteristics, operative time, estimated blood loss, complication rate, number of harvested lymph nodes, and resection margins. They also reported a significantly shorter hospital stay and less wound pain for SPLC (P < 0.05) (25) . In a retrospective study, similar results were obtained by Papaconstantinou et al. for patients with colon cancer, polyp, and Crohn's disease who underwent SPL and MPL right colectomy (18) . Despite these extensive studies, based on a systematic review and meta-analysis of randomized controlled trials performed by Brockhaus et al. in 2016, evidence was insufficient to clarify whether SPLC leads to fewer complications or lower mortality. They finally concluded that results of currently available studies are too sparse to identify relevant differences between SPLC and MPLC (4).
These conflicting results prompted us to continue this effort. Therefore, we retrospectively evaluated surgical outcomes in 76 colon cancer patients, who were divided into SPLC and MPLC groups. Similar to some previous studies (27) , operative time was significantly shorter for SPLC (P = 0.003). In accordance with all previous studies (17-19, 25, 27-29) , our results showed similar pathological features for both groups (Table 2) . However, there are still contra- dictory reports on the hospital stay and operative time. As mentioned above, despite matching patients between the two groups, most previous studies entered various colorectal diseases and different types of the colorectal resection into their research to compare SPLC and MPLC methods (18, 19, 27, 28) . These variations in patient selection may ultimately affect the accuracy of the results. To prevent this potential error, in this study, we included only colon cancer patients who had undergone right hemicolectomy. In addition, the experience of the surgeons who had performed the surgeries was certainly not the same in different studies. Therefore, it seems that the difference in the surgeon's experience, types of the colorectal diseases, and types of the colorectal resection may lead to these conflictions about hospital stay and operative time. On the other hand, despite SPLC advantages, some challenges limit its widespread use. In comparison with MPLC, distinct ergonomic and technical requirements are needed for SPLC. In addition, due to working through a small single incision with multiple instruments, the range of motion and external working space decreased and instrument collisions enhanced. Therefore, to overcome these limitations, the surgeons must have enough experience (18, 22, 30) . Considering these challenges, it seems that further large-scale prospective trials are required to prove SPLC benefits versus MPLC. A limitation of our study is that since SPLC is a recently developed technique, we could not find more patients in our study. However, entering only colon cancer patients who were subjected to the same type of resection (right hemicolectomy) can be considered as the strength of our study. The selection of a large number of homogeneous patients in the study may be helpful in achieving more accurate results. Our results indicated that intra and postoperative outcomes and pathological features are similar in both SPLC and MPLC groups except operative time, which was significantly shorter for SPLC. Conflicting results along with some SPLC limitations for widespread application emphasize the necessity of further detailed prospective studies to prove the better applicability of SPLC versus MPLC.
